Mammalian liver is known to contain cytosolic receptors for both estrogens and androgens. Furthermore, certain mammalian hepatic functions are known to display a sexual dimorphism. However, in clinical liver transplantation, the sex of the donor is not taken into consideration in selection of the donor. In this study, the effect of liver transplantation on the estrogen and androgen receptor content of the liver was determined.
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Mammalian liver is known to contain cytosolic receptors for both estrogens and androgens. Furthermore, certain mammalian hepatic functions are known to display a sexual dimorphism. However, in clinical liver transplantation, the sex of the donor is not taken into consideration in selection of the donor. In this study, the effect of liver transplantation on the estrogen and androgen receptor content of the liver was determined.
Adult male and female rats were subjected to orthotopic liver transplantation, using donors form both the same and the opposite sex as the recipient. The animals were killed on the tenth postoperative day, and the livers were assayed to determine their cytosolic estrogen and androgen receptor content.
Transplantation of a liver from a male donor into a male recipient, from a male donor into female recipient and from a female donor into a male recipient produced similar changes in the number of cytosolic estrogen and androgen receptors in hepatic cytosol. In all three situations, the estrogen receptor content in the cytosol of the transplanted liver was the same as that found in an unoperated male liver, and the cytosolic content of the androgen receptor was the same as that of an unoperated female liver. After transplantation of the liver from a female donor into a female recipient, the estrogen and androgen receptor content in the cytosol of the transplanted liver was the same as that of an unoperated female. A consistent finding in this study was a reduction in the cytosolic androgen receptor activity of the transplanted liver when a male was either the recipient or donor. This reduction was maximal at 10 days posttransplantation. At 40 days following transplantation, a partial recovery in the androgen receptor acitivy of hepatic cytosol had occurred. These studies demonstrate that orthotopic liver transplantation changes the cytosolic content of both the estrogen and androgen receptors of the liver, and their ratios may have important Receptors for both estrogens and androgens have been identified in the liver of both rats and man, and their properties have been studied extensively (1) (2) (3) (4) (5) (6) . However, the precise function of these receptors remains unresolved. Nonetheless, in mammals certain functions of the liver are known to display a sexual dimorphism (7) (8) (9) . Testosterone present in utero and after puberty appears to be the major determinant of the difference between the sexes in hepatic function (8) .
In recent years, orthotopic transplantation of the liver has become an established alternative in the management of patients with endstage liver disease (10, 11) . Donors for liver transplantation are currently selected with regard only to the ABO blood group and size compatibility with the recipient. The sex of the donor is not taken into consideration. In view of the sexual dimorphic character of hepatic function, the choice of a particular donor sex may be important for the initial success of the transplant procedure as well as subsequent long-term normal function of the graft (12) . In this study, the effect of orthotopic transplantation on the estrogen and androgen receptor content of the liver in male and female rats, using donors from both the same and the opposite sex as the recipient, was determined. Surgical Procedures. The animals were allocated to five groups and treated as follows: 24 male rats (Group 1) were subjected to orthotopic liver transplantation using livers from male donors. At various times up to 8 weeks postoperatively, groups of animals were anesthetized with ether, and their livers HEPATOLOGY were removed, weighed and used to determine the level of the estrogen and androgen receptor content in the cytosol of the transplanted liver.
MATERIALS AND METHODS

Animals and
An additional five male rats (Group 2) were subjected to orthotopic liver transplantation using livers from male donors and, at 10 days postoperatively, the animals were anesthetized with ether, and the livers were removed, weighed and used to determine the content of the estrogen and androgen receptors in the cytosol of the transplanted liver.
Five male rats (Group 3) were subjected to orthotopic liver transplantation using a liver obtained from a female donor. On the tenth postoperative day, the recipient animals were anesthetized with ether, and the livers were removed, weighed and used to determine the content of estrogen and androgen receptors in the cytosol of the transplanted liver.
Five female rats (Group 4) were subjected to orthotopic liver transplantation using livers from male donors. On the tenth postoperative day, the animals were anesthetized with ether, and the livers were removed, weighed and used to determine the estrogen and receptor content in the cytosol of the transplanted liver.
Five female rats (Group 5) were subjected to orthotopic liver transplantation using organs obtained from female donors. On the tenth postoperative day, the animals were anesthetized with ether, and the transplanted livers were removed, weighed and used to determine the estrogen and androgen receptor content of the hepatic cytosol.
Orthotopic Liver Transplantation. Orthotopic transplantation of the liver in the rat was performed using the cuff technique as described by Kamada and Caine (13) for the portal vein, suprahepatic vena cava and infra hepatic vena cava.
Preparation of the Cytosol. The livers were homogenized in 4 volumes of ice-cold buffer consisting of 0.25 M sucrose, 1.5 mM EDTA, 10 mM mercaptoethanol and 10 mM Tris-HCl (pH 7.4) using a Brinkman Polytron homogenizer. The homogenate was centrifuged at 103,000 x g for 1 hr at 4 "C, and the supernatant obtained was used for all of the assays performed.
Estrogen Receptor Activity. The specific binding of a saturating concentration of [3H)estradiol was used to determine the cytosolic estrogen receptor content (1) . The hepatic cytosol was diluted 1:1 with a buffer consisting of 40 mM sodium molybdate, 1.5 mM EDTA and 10 mM Tris-HCl (pH 7.4) in order to stabilize the estrogen receptor. A mixture consisting of 200 f.LI diluted cytosol, 25 f.Ll 30 mM [3HJestradioi and 25 f.Ll ethanol was used to determine the total binding [3HJestradioL Nonspecific binding was measured in parallel assays in which the ethanol was replaced with 25 f.Ll 3 f.LM unlabeled diethylstilbestrol dissolved in ethanol. In each case, the mixture was allowed to incubate for 2 hr at 4 "C, and the reaction was terminated by the addition of 0.4 ml 1 % dextran-coated charcoal to remove unbound steroid. After centrifuging at 1,500 x g for 5 min at 4°C, the supernatant was transferred carefully to a scintillation vial containing 8 ml ACS scintillation fluid. The radioactivity in the supernatant was measured in a Packard Tri-Carb 460 CD liquid scintillation system (Downers Grove,IL).
Androgen Receptor Activity. The assay utilized to quantitate the cytosolic androgen receptor content was similar to the one described above for the estrogen receptor with minor exceptions (2) . Total binding was measured using a mixture of 200 III of the cytosol with 25 f.Ll tritiated RI881, a synthetic androgen. Parallel assays in which 25 III unlabeled Rl881 (3 f.LM) were added to the mixture were used to determine the nonspecific binding. The binding of Rl881 to glucocorticoid receptors was blocked by adding 5 11M triamcinolone acetonide to the assay mixture. After an overnight incubation at 4 "C, the reaction was terminated by adding 0.41 ml 1 % dextran-coated charcoal to remove unbound RI881. The mixture was centrifuged at 1,500 x g for 5 min at 4 "C, and the supernatant was placed in scintillation vials with 8 ml ACS scintillation fluid. The radioactivity present in the supernatant was counted in a Packard Tri-Carb 460 CD liquid scintillation system.
Miscellaneous Methods. The method of Lowry et al. (14) was used to determine the cytosolic protein concentration using bovine serum albumin as the standard.
All results are reported as mean values ± S.E. Statistical analysis of the data was performed using analysis of variance and appropriate paired comparison tests. A p value of 0.05 or less was considered to represent a significant difference.
RESULTS
The effect of orthotopic liver transplantation, from a male donor to a male recipient, on the cytosolic estrogen receptor activity of the liver is shown in Figure 1a . The cytosolic estrogen receptor content in the liver remained stable up to 20 days after the transplant. A small but significant reduction in the level of the estrogen receptor content was observed at 30 days postoperatively (p < 0.05). Thereafter, the level of estrogen receptor content increased steadily and returned to preoperative basal male levels by 50 days after transplantation.
The change in the cytosolic androgen receptor content in the hepatic cytosol after transplantation of the liver from a male donor to a male recipient is shown in Figure  lb . The baseline preoperative level of androgen receptor content in the hepatic cytosol was 3.45 ± 0.47 fmoles per mg protein. A significant (p < 0.01) reduction in the level of the cytosolic androgen receptor content in the liver was observed at 10 days after transplantation and persisted for at least 40 days. At 40 days, the androgen receptor content in the male allograft was still significantly (p < 0.05) lower than it was preoperatively, but a recovery toward levels seen preoperatively was evident.
The changes in the cytosolic estrogen and androgen receptor content of the liver at 10 days after transplantation in the case of a liver obtained from a male donor and transplanted into a male recipient are shown in Figure 2a . The level of the estrogen receptor content of the hepatic cytosol was unchanged compared to preoperative levels. In contrast, the level of the cytosolic androgen receptor content in the allograft liver was reduced significantly (p < 0.01) compared to the basal pretransplant value. When the ratio of estrogen receptor content to androgen receptor content at 10 days following orthotopic liver transplantation is compared to that of unoperated male animals, a significant increase is seen in the transplanted animals (p < 0.01) (Fig. 2b) .
The effects of transplantation of a liver obtained from a female and transplanted into a male recipient in terms of the estrogen and androgen receptor content in hepatic cytosol at 10 days after the transplant are shown in Figure 3a . The level of cytosolic estrogen receptor content in the liver after transplantation was significantly (p < 0.01) less than that of a normal female liver but was similar to the level of estrogen receptor found in a normal male liver. In contrast, the level of the androgen receptor content in hepatic cytosol obtained from a fe- ,""'0 u .. male liver transplanted into a male recipient was the same as that of a normal female liver, being significantly (p < 0.01) less than that of a normal male liver. The ratio of the estrogen to androgen receptor content in the transplanted liver was significantly greater than that found in the unoperated male liver but significantly lower than the value for an unoperated female liver (both p < 0.01) (Fig. 3b) .
The levels of estrogen and androgen receptor content in the hepatic cytosol after transplantation of a liver obtained from a male donor into a female recipient are shown in Figure 4a . The estrogen receptor content of the liver at 10 days after the transplant was significantly (p < 0.01) less than that found in a normal intact female liver but was similar to the level present in a normal intact male liver. However, the androgen receptor content of the liver after transplantation was reduced to a level found in normal intact female liver (p < 0.01). The ratio of the estrogen receptor content to the androgen receptor content in the hepatic cytosol in this group of animals was significantly lower than that present in the unoperated female liver but significantly greater than the value obtained for un operated male liver (both p < 0.01) (Fig. 4b) .
The estrogen and androgen receptor content present in the hepatic cytosol after transplantation of the liver from a female donor to a female recipient is shown in Figure 5a . The levels of both the estrogen and androgen receptor content and their ratio in hepatic cytosol after the transplant were similar to those of normal intact female liver at all times studied from time of transplantation through 40 days following transplantation. The estrogen to androgen receptor content ratio in the cytosol of the transplanted liver was similar to the ratio found in the un operated female liver at all times studied but was significantly greater than that found in the unoperated male liver (both p < 0.01) (Fig. 5b) . DISCUSSION In this study, the estrogen receptor content present in the hepatic cytosol, except for a slight decrease seen at 30 days posttransplant, remained stable up to 50 days after orthotopic transplantation of a male donor liver to a male recipient (Fig. la) . In contrast, the cytosolic content of the androgen receptor was significantly lower at 10 days after transplantation of a male liver into a male recipient compared to preoperative levels (Fig. 1b) . Thereafter, however, the androgen receptor content increased with time in the new host but still was reduced, compared to either preoperative or intact male levels at 40 days after the transplant procedure.
Transplantation of a liver obtained from a male or female donor into a male or female recipient produced quite different changes in the cytosolic estrogen and androgen receptor content and their relative density in the transplanted liver. Only the transplantation of a female donor liver into a female recipient produced results similar to those present in unoperated control animals of the same sex. Transplantation of a male liver into a male recipient resulted in the estrogen receptor content being the same as that present in a normal male before surgery, but the androgen receptor density declined to levels found in a normal female liver (Fig. 2a) .
The changes in the estrogen and androgen receptor content of hepatic cytosol after transplantation of a liver obtained from a male donor transplanted into a female recipient and obtained from a female donor but transplanted into a male recipient were similar. In both situations, the estrogen receptor density of the cytosol was the same as in a normal intact male liver, and the hepatic androgen receptor density was the same as that found in a normal intact female. In other words, after transplantation of a female liver into a female recipient, the liver, with regard to the estrogen and androgen receptor content of hepatic cytosol, remains effectively identical to that of a female liver. In contrast, after transplantation of a male or a female liver into a recipient of the opposite ____ . __ . _____ ~_ . . _.c_·.~=·==='_=__==_==========_=_= .. sex, the liver assumes a male identity with regard to its cytosolic estrogen receptor content and a female identity with regard to its cytosolic androgen receptor content.
The findings reported herein may have important implications. Because the liver is known to display a sexual dimorphism with regard to several important functions, these changes in the cytosolic estrogen and androgen receptor content of the liver after transplantation may be important both for the initial success of the transplant procedure and possibly also the long-term performance of the liver in the recipient.
A "feminization" of the liver of male rats has been reported to occur in association with regeneration and includes an increase in the serum level of estradiol and the hepatic content of the estrogen receptor. These changes occur while a reduction in the serum level of testosterone and the content of the androgen receptor within the liver is occurring (2, 6) . Moreover, a translocation of the estrogen receptor from the cytosolic compartment of the cell to the nuclear compartment is seen prior to the initiation of DNA synthesis. These changes suggest an important role for nuclear estrogen and particularly that an estrogen-DNA interaction exists prior to the initiation of the regenerative process within liver (15) . Thus, the changes in the estrogen and androgen receptor content seen in the transplanted livers reported herein may represent a regenerative response to some transplantation-related hepatic injury. Such a regenerative response in a transplanted organ may be crucial for the successful engraftment of the liver after transplantation.
During liver transplantation, the liver graft is injured in a number of different ways, which includes an ischemic injury related to the procurement process and the preservation time, an immunological injury occurring as a consequence of the attack mounted by the recipient's immune response, injury occurring as a result of an infection related to the transplant experience and, finally, injury occurring as a result of the toxicity of certain drugs, particularly cyclosporine, which are used to prevent graft rejection. Occasionally, because of a mismatch between the size of the donor and the recipient, a small liver is transplanted into a larger recipient, and hepatic regeneration of such grafts is required for the graft to meet the metabolic needs of the recipient (16, 17) . Similarly, because of the lack of suitable-sized pediatric donors, some centers use partially hepatectomized (reduced) adult livers in pediatric recipients (18, 19) . Both of these situations require a regenerative response on the part of the transplanted organ, and a normal regenerative response in these particular situations may be crucial for the ultimate success of the transplant procedure. Because estrogens and their receptors are thought to play an important role in the process of hepatic regeneration, the changes observed in the estrogen and androgen receptor levels in hepatic cytosol herein reported after transplantation may influence the regenerative response of such liver grafts. In the experiments performed, because an inbred strain of rats was utilized and cyclosporine was not, and the ischemia time of the transplanted liver was short, these variables were either not present or minimally important. In a clinical transplant situation, each of these variables is present and would only further enhance the need for a regenerative response.
Cyclosporine, the immunosuppressive agent used routinely in most organ transplant programs, has several untoward effects including hirsutism, increased lanugo hair growth, abnormal uterine bleeding, fibroadenomas of the breast, virilism in females and a tendency to develop diabetes, all of which appear to be mediated, at least in part, hormonally. Cyclosporine has been shown to potentiate hepatic regeneration (20, 21), but also to increase the estrogen receptor content present within hepatic cytosol (22) . Thus, an interaction between the effects of cyclosporine on the estrogen receptor content in hepatic cytosol and the changes observed in hepatic cytosol after transplantation herein reported may be synergistic and have important implications.
